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Purpose: A multicenter andomized prospective study was undertaken to determine 
whether an interposition vein cuff improved the short-term and medium-term patency 
and limb salvage rates of femoral-above-knee and femoral-below-knee popliteal artery 
polytetrafluoroethylene (PTFE) bypass procedures. 
Methods: Two hundred sixty-one bypass operations were randomized (133 to vein cuff 
and 128 to no vein cuff). One hundred fifty grafts were to the above-knee popliteal artery , 
96 to the below-knee popliteal artery, and 15 to tibial vessels. The median follow-up was 
617 days. 
Results:The 12-month patency rates for cuffed and uncuffed above-knee popliteal artery 
PTFE bypass grafts were 80% and 84%, and the 2-year patency rates were 72% and 70%, 
respectively. The patency rates for bypass grafts to the below-knee popliteal artery at 12 
months were 80% and 65% and at 2 years 52% and 29%, respectively (p = 0.03). At the 
below-knee site, this was reflected in 24-month difference in limb salvage rates of 84% 
and 62%, respectively (p = 0.08). 
Conclusions: There was no improvement in the patency rate with the use of a distal 
anastomosis interposition vein cuff in femoral-above-knee popliteal PTFE bypass grafts, 
but there was a statistically significant advantage when PTFE bypass grafts were anasto- 
mosed to the popliteal artery below the knee. (J Vasc Surg 1997;26:543-50.) 
A vein cuff was first described by Siegman in 
1979.1 It was originally suggested as a method of 
anastomosing mismatched Dacron grafts to smaller 
arteries. A later modification was reported and popu- 
larized by Miller et al. in 1984. 2 It is this variation 
that is presently favored in conjunction with infrain- 
guinal polytetrafluoroethylene (PTFE) bypass grafts. 
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The present study was undertaken to determine 
whether a vein cuff improved the short-term and 
medium-term patency and limb salvage rates of  fem- 
oral-above-knee popliteal and femoral-below-knee 
popliteal artery PTFE bypass procedures. 
PAT IENTS AND METHODS 
The trial design was a multicenter parallel group 
randomized study. The study was approved by local 
Ethics Committees. After giving informed consent, 
patients were randomly allocated to one of two 
groups. In the first group an interposition vein cuff 
was constructed at the distal anastomosis (cuff 
group) as described by Miller, 2 and in the second 
group a direct PTFE-to-artery distal anastomosis was 
constructed (no-cuff group). 
To  construct a cuff, a segment of available vein 
slightly greater in length than double the length of  
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Fig. 1. Vein panel is sewn longitudinally around arteriotomy. 
Fig. 2. PTFE graft is then sutured end-to-cuff. 
the distal arteriotomy is taken. The vein is then 
opened longitudinally to produce a panel. This is 
then sewn around the arteriotomy to produce the 
cuff(Fig. 1). The PTFE graft is then sutured end-to- 
cuff ( Fig. 2). 
Eighteen surgeons contributed patients to the 
study (see acknowledgments). Patients who under- 
went infrainguinal bypass procedures to he popliteal 
artery above or below the knee joint or to tibial 
arteries for occlusive disease were eligible for inclu- 
sion. The study was not a consecutive series. Neither 
the number of patients who were eligible but were 
not enrolled nor the reason why they were not is 
available. Operations for trauma were excluded. The 
choice of graft (Impra or Goretex) was left to the 
discretion of each surgeon; all grafts were 6 mm 
diameter, thin-walled, and externally supported. Pa- 
tients were randomized at operation by telephone to 
the Scottish Cancer Trials Office, University of Edin- 
burgh, and were stratified for each level of  distal 
reconstruction. Surgical techniques were not stan- 
dardized save that the methods used within each 
center should remain the same for each level of re- 
construction. Furthermore, within each center a 
standardized anticoagulation and antiplatelet policy 
was adhered to. 
Initial power estimates were based on an assump- 
tion that 40% of bypass procedures would be above- 
knee, 40% below-knee, and 20% tibial. Patency rates 
in the control group were estimated to be 65%, 45%, 
and 15%, respectively, in these three strata. Greater 
improvements were thought possible the lower the 
bypass graft, and with improvements o 75%, 65%, 
and 45%, respectively, 80% power to detect an overall 
difference at the 5% level of significance would be 
achieved with 115 patients per group. A target entry 
of 250 patients was set. Although there was interest, 
a priori, in the comparisons at each level, it was 
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Table I. Patient demographics 
Cur No cur p Missing data 
Randomized 133 128 0.91 0 
Sex: male/female 96/37 83/45 0.24 0 
Mean age (yr) 67.2 69.3 0.72 0 
Right/left 63/70 66/61 0.46 1 
Diabetes: yes/no 110/23 109/19 0.33 0 
Smoking: never/former/current 17/82/34 17/68/43 0.33 0 
Indication: rest pain/ulcer or 67/51/14 79/32/14 0.22 4 
gangrene/claudication 
Previous graft failure: yes/no 18/115 28/100 0.08 0 
Surgeon: Cons/SR/Reg 97/33/3 79/45/3 0.17 1 
Graft: Impra/Goretex 75/58 73/55 0.92 0 
Anastomosis: Above-knee 76 74 
Below-knee 49 4 7 ~ 0 . 1 4  0 
Tibial 8 7 
Mean operation time (rain) 143 124 0.001 
Postoperative aspirin: yes/no 103/25 90/35 0.11 8 
Postoperative anticoagulants: yes/no 20/ i07 20/106 0.98 8 
Cons, Consultant; SR, senior egistrar; Reg, registrar. 
Table II. Early postoperative 30-day complications and outcome 
Cur No cuff Total p Missing 
30-day outcome 
Patent 125 115 
Occluded 3 11 
Occluded + amputation (2 8) 259 
Died 3 2 
Wound problems 
Primary healing 109 105 
Lymph leak 3 5 253 
Infection 13 13 
Edge necrosis 3 2 
Median length of 10 11 253 
postoperative stay (days) 
0.05 
0.16 
0.86 8 
0.98 3 
appreciated that the study would be underpowered 
in this respect. 
Patency was assessed by the presence of distal 
pulses, a persistent significant rise in Doppler pres- 
sure (i.e., ankle-brachial pressure index rose 0.15 or 
more), or a patent graft on duplex scan. The out- 
come criteria were primary graft patency and major 
limb amputation, with a follow-up of 2 years. The 
patient was followed-up at 1, 6, 12, 18, and 24 
months. 
Statistical analysis was made of graft patency and 
limb salvage rates over time by using Kaplan-Meier 
plots, with statistical significance assessed by the gen- 
cralized Wilcoxon test. Contingency table data were 
analyzed with the ×2 test, and averages were com- 
pared using t tests. 
RESULTS 
Between May 1990 and May 1993, 261 bypass 
operations were randomized (133 to vein cuff and 
128 to no vein cuff). One hundred fifty grafts were to 
the above-knee popliteal artery, 96 to the below- 
knee popliteal artery, and 15 to tibial vessels. None of  
the variables assessed before the operation showed 
major differences between the randomized groups 
(Table I). Furthermore, there was no statistical dif- 
ference with respect to randomization and individual 
surgeon. The number of cases submitted by an indi- 
vidual consultant ranged from one to 43. Signifi- 
cance levels are not required for these comparisons, 
as we know the null hypothesis must be true, but 
they are reported as an indirect measure of the extent 
of the difference between the two groups. Forty-six 
patients had bypass grafts fail previously--18 of  133 
in the cuff group versus 28 of  128 in the no-cuf  
group. This difference was not significant. The 
source of the vein cuffwas the long saphenous vein in 
92 patients, atributary of the long saphenous vein in 
23, arm vein in seven, and was not reported in 11. In 
all patients a 6 mm diameter PTFE graft was used. 
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Fig. 3. Graft patency data for femoral-above-knee popliteal artery bypass grafts with and 
without a distal anastomosis vein cuff. 
The mean operative time was 19 minutes longer in 
the cuffgroup (p = 0.001). Early (30 day) postoper- 
ative outcome is shown in Table II. The 30-day 
occlusion rates for survivors were 2% for the cuff 
group and 9% for the no-cuffgroup. 
The median follow-up period was 617 days, dur- 
ing which time there were 19 major limb amputa- 
tions and 45 deaths. Life-table analyses of  the pa- 
tency rates of  above-knee and below-knee bypass 
grafts with and without vein interposition cuffs are 
shown in Figs. 3 and 4. The estimated patency rates 
for grafts with interposition vein cuffs to the above- 
knee segment at 12 and 24 months were 80% and 
72%, and without cuffs 84% and 70% (p = 0.90). The 
same results for grafts with vein cuffs to the below- 
knee popliteal artery segment were 80% and 52% 
versus 65% and 29% without vein cuffs (p = 0.03). 
For grafts to the tibial vessels, as a result of the small 
numbers (n = 15) the standard error of  the patency 
rates was large throughout--the patency rates for 
patients with and without vein cuffs were 47% for 
both groups at 12 months. Primary and secondary 
patency and limb salvage rates at 12 and 24 months 
are shown in Table III. Life-table analyses of the limb 
salvage rates of above-knee and below-knee bypass 
grafts with and without vein interposition cuffs are 
shown in Figs. 5 and 6. The limb salvage rates for 
grafts with interposition vein cuffs to the above-knee 
segment at 12 and 24 months were 86% and 82%, 
and without cuffs 93% and 91% (p = 0.37). The same 
results for grafts to the below-knee segment were 
86% and 84% with cuffs and 72% and 62% without 
(p = 0.08; Table III). There were 47 late interven- 
tions divided approximately equally between the two 
groups, which produced the secondary patency rates 
shown in Table III. There was no evidence that the 
ease of  further intervention was influenced by the 
type of distal anastomosis. 
DISCUSSION 
Femoropopliteal bypass grafting with autologous 
saphenous vein was introduced by Kunlin 3 in 1949, 
and saphenous vein remains the conduit of choice for 
the procedure. It has been shown, however, in a 
randomized study comparing autologous vein with 
PTFE, that in the above-knee position there was no 
significant difference in the 4-year cumulative pa- 
tency rate. 4There are publications that advocate the 
use of PTFE for primary femoropopliteal bypass 
grafting, preserving the saphenous vein for later 
use. s,6 At the below-knee position, however, vein 
fared far better than PTFE (49% vs 12% patency rate 
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Fig. 4. Graft patency data for femoral-below-knee popliteal artery bypass grafts with and 
without a distal anastomosis vein cuff. 
Primary, secondary patency, and limb salvage rates estimated from Kaplan-Meier plots 
Primary patency Secondary patency Limb salvage 
12 mo 24 mo 12 mo 24 mo 12 mo 24 mo 
Above-knee popliteal 
Vein cuff 
No vein cuff 
P 
Below-knee politeal 
Vein cuff 
No vein cuff 
P 
79.9 
83.9 
80.3 
65.3 
72.2 84.1 76.3 85.5 81.8 
69.6 83.9 73.8 92.7 90.8 
0.90 0.63 0.37 
51.8 82.9 58.6 86.3 83.6 
29.1 72.5 34.9 71.8 62.2 
0.03 0.14 0.08 
at 4 years).4 Consequently, I 'TFE has been regarded 
as a poor alternative at the more distal site. 7,8 In the 
absence of vein, the use of  an interposition vein cuff 
has been advocated to improve the patency of below- 
knee popliteal PTFE grafts. 2 Raptis and Miller 9 re- 
ported the results of  primary femoropopliteal PTFE 
grafting with or without an interposition vein cuff. 
There was no difference in the patency rates between 
cuffed and direct suture for above-knee popliteal by- 
pass grafts (85% vs 82% at 12 months and 69% vs 68% 
at 36 months, respectively). There was, however, an 
appreciable difference for the below-knee bypass 
grafts (83% vs 66% at 12 months and 57% vs 29% at 
36 months, respectively). These figures are similar to 
those found in the present study, in which we have 
found 12-month patency rates for anastomoses with 
and without a vein cuff for above-knee bypass grafts 
of 80% and 84%, and for below-knee bypass grafts of  
80% and 65%, respectively. This confirms the advan- 
tage of interposition vein cuff for the below-knee 
PTFE bypass procedures. Because only 15 grafts 
were randomized to tibial vessels, no conclusions can 
be drawn from the present study with respect o the 
use to an interposition vein cuff at this level. ( I f  the 
tibial bypasses are included with the below-knee 
group, then the 2-year patency rates for cuff and 
no-cuff groups become 58% and 27.6%, respectively 
[p = 0.022].) 
Some of the results of the present study deserve 
comment. As can be seen in Table I, there is a higher 
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Fig. 5. Limb salvage data for femoral-above-knee popliteal artery bypass grafts with and 
without a distal anastomosis vein cuff. 
frequency (36% vs 26%) of previous ipsilateral graft 
failure in the no-cuff group in the below-knee anas- 
tomosis group. There was a difference in the 30-day 
outcome, with an early postoperative failure rate of 
2.4% and 9.5% overall for the cuffand no-cuffgroups, 
respectively (above-knee popliteal bypass grafts, 1.3% 
and 4.1%; and below-knee grafts, 2.0% and 12.8%, 
respectively). Analysis of the role of previous graft 
failure in early graft failure revealed that two cuffed 
grafts failed in patients who had had previous failed 
grafts, whereas in the no-cuff group there was only 
one such failure. It therefore appears that previous 
graft failure did not influence subsequent early graft 
failure. Life table analysis of the patient groups by the 
site of distal anastomosis, after removal of the pa- 
tients in whom there had been a previous graft fail- 
ure, revealed 24-month patency rates for cuff and 
no-cuff groups for the above-knee site of 73% and 
70% (p = 0.77) and for the below-knee site of 73% 
and 20% (p = 0.015). Again, there was no evidence 
that the higher proportion of previous graft failures 
in the no-cuff group significantly biased the results. 
The second area of possible concern is the difference 
in the ratios of operations performed by consultants 
as opposed to senior registrars; namely 3:1 for the 
cuff group and 1.7:1 for the no-cuff group. Analysis 
of the below-knee graft patency curves for consult- 
ants and senior registrars for the cuff and no-cuff 
groups showed no significant difference between the 
two groups of operating surgeons. However, the 
standard error of the curves falls outside 10% by 9 
months for the consultants and from the start for the 
senior registrars. The situation for the above-knee 
group was slightly different in that the 2-year patency 
rates for the cuff and no-cuff groups were better in 
operations performed by senior registrars (cuff, 
87.5%; no cuff, 78%) than when performed by con- 
sultants (cuff, 64.9%; no cuff, 66.9%). This difference 
was not statistically significant (p = 0.11 and 0.23 for 
cuff and no cuff, respectively). There remained no 
statistical difference with respect o randomization 
group when the patency curves for senior registrars 
and consultants were separately analyzed (p = 0.55 
and 0.95, respectively). 
Failure of PTFE bypass grafts to the below-knee 
level is thought o be a result ofneointimal hyperpla- 
sia at the distal anastomosis, progression of more 
10 13 distal disease, or both. " One theory to account for 
these processes is a compliance mismatch between 
the prosthetic material and the native artery. ~4,15 It is 
also well recognized that anastomosis between the 
below-knee popliteal artery and a PTFE graft can be 
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Fig. 6. Limb salvage data for femoral-above-knee popliteal artery bypass grafts with and 
without a distal anastomosis vein cuff. 
technically demanding, possibly causing an increase 
in early failures as a result of technical inadequacies. 
It has been shown in canine models that vein cuff 
interposition is associated with significant inhibition 
of  intimal hyperplasia t the outflow anastomoses. 16 
In subsequent s udies, again in the a canine model, a 
rigid jacket was placed around a vein cuff to assess the 
role of the elastic nature of  the vein cuff. There was 
no difference in the quantity of neointimal thicken- 
ing with and without the restriction of the expand- 
ability of the vein cuff. Because the vein cuff is anas- 
tomosed perpendicular to the recipient artery, a 
second experiment investigated the angle of insertion 
of the graft at the distal anastomosis and again found 
no effect from an alteration in geometry. ~7 The con- 
clusion from these studies was that it was not a 
mechanical effect hat provided the protective ffect. 
The reported success of other vein interposition 
methods, ~8 along with the above studies, has been 
taken to imply that the protective ffect may be 
humoral in origin, possibly by reducing the activa- 
tion of growth factors by the presence of an autoge- 
nous endothelium buffer zone. In the present study, 
however, the protective ffect of a vein cuff at the 
below-knee popliteal artery appears to be mainly in 
terms of early (30-day) primary patency. The further 
separation of the two curves with time (Fig. 4) is 
slight. This suggests that the advantage of the vein 
cuff may mainly be technical, with the prevention of 
early graft failure as a result of facilitation of the distal 
anastomosis. There was little evidence of a protective 
effect beyond this time. However, our experience 
differs from that recently published by Raptis and 
Miller9; in their series there was no evidence of a 
significant difference in the incidence of early graft 
failure. They found a gradual separation of the pa- 
tency curves for cuffed and uncuffed bypasses over 
time, beginning at 6 months (although their un- 
cuffed patient population became relatively small be- 
yond 2 to 3 years). There is, therefore, uncertainty as 
to how the distal anastomosis vein cuff bestows its 
benefit. 
Although the presence of a Miller cuff theoreti- 
cally preserves the outflow artery and gives easier 
access for later interventions, no data to support his 
have emerged from this trial. 
CONCLUSION 
There is no demonstrable advantage in terms of 
improved graft patency or limb salvage rates in the 
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use of an interposition vein cuff as part of a femoral- 
above-knee popliteal PTFE bypass grafting proce- 
dure. There is, however, a statistically significant ad- 
vantage in terms ofpatency rate with the use of a cuff 
in femoral-below-knee popliteal PTFE bypass graft- 
ing procedures. This is reflected in a 20% difference in 
the limb salvage rate, although this did not reach 
statistical significance. 
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shaw, Mr. G. Hamilton, Mr. P. L. Harris, Mr. 
R. Marcusson, Mr. J. A. Murie, Mr. S. D. Parvin, Mr. 
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